Dry-eye disease is a multifactorial disorder of the tear film and ocular surface involving tear deficiency, excessive tear evaporation, and tear instability.[@R1] One of the causes of tear film instability is an ocular surface disturbance resulting from mucin dysfunction, which can occur in Sjögren syndrome (SS), ocular cicatricial pemphigoid (OCP), and graft-versus-host disease (GVHD).[@R2],[@R3] Although several therapies have been developed to relieve the signs and symptoms of dry eye, some dry-eye patients do not respond to conventional eye drops. Recently, new mucin-related drugs have been approved for treating dry eye: diquafosol ophthalmic solution (3% Diquas; Santen Pharmaceutical Co Ltd, Tokyo, Japan)[@R4],[@R5] and rebamipide (Mucosta ophthalmic suspension UD2%; Otsuka Pharmaceutical Co Ltd, Tokyo, Japan).[@R6],[@R7] These new eye drops have increased the therapeutic options for dry-eye patients.

Diquafosol is a dinucleotide, purinoreceptor P2Y2 receptor agonist. It stimulates P2Y2 receptors at the ocular surface, promoting tear secretion and inducing mucin secretion through elevated intracellular Ca^++^ concentrations.[@R8] Mucin helps to maintain the wetness of the ocular surface, and its underproduction causes several types of dry-eye disease. In addition to maintaining hydration and lubrication of the epithelial surface, diquafosol repairs the damaged epithelial barrier through improving the functions of mucin for this disease.[@R2]

Rebamipide is a mucosal protective medicine.[@R9],[@R10] It increases gastric endogenous prostaglandins E2 and I2 to promote gastric epithelial mucins, which scavenge oxygen free radicals and have other anti-inflammatory actions. Rebamipide's biological effects include cytoprotection, wound healing, and inflammation prevention[@R9],[@R11] in a variety of tissues as well as gastrointestinal mucosa.[@R10],[@R12] With respect to dry eye, rebamipide promotes the healing of corneal and conjunctival injuries by increasing secretion of both membrane-associated and secreted-type mucins. Rebamipide has been approved for treatment of dry eye in Japan since January 2012 and is being developed for this use in the United States.

Several studies have reported the effectiveness of administration of diquafosol eye drops, which appear to be effective for SS, tear film instability, and the short tear break-up time (TBUT) type of dry eye.[@R4],[@R5],[@R13] However, there is no information about the effects of long-term treatment with rebamipide and/or diquafosol eye drops for specific disease-associated dry-eye conditions including those associated with chronic graft-versus-host disease (cGVHD) and OCP (see Supplement Digital Content 1, available online at <http://links.lww.com/OPX/A201>).

Chronic GVHD--related dry-eye disease is a major late complication after allogeneic hematopoietic stem cell transplantation that affects a patient's visual function and quality of life.[@R14],[@R15] Other target organs of cGVHD include the mouth, skin, liver, lung, and intestine.[@R15],[@R16] The pathogenic process of cGVHD-related dry eye involves ocular surface and lacrimal gland dysfunction resulting from inflammation and immune-mediated fibrosis.[@R17] In particular, previous reports suggest that mucin expression was reduced by the ocular surface epithelia in cGVHD-related dry eye.[@R3],[@R18] On the other hand, OCP is a rare autoimmune disease, characterized by a linear deposition of immunoglobulin on the conjunctival basement membrane and blistering on the mucous membrane, including the conjunctiva.[@R19] In this disease, sight is threatened because of conjunctival inflammation, fibrosis, and corneal and conjunctival epitheliopathy.[@R19]

Here, we describe and discuss two cases of dry-eye disease. One is associated with cGVHD, and the other, with OCP-like disease. They were treated effectively with the long-term use of a combination of rebamipide and diquafosol eye drops.

Because cGVHD-related dry eye and OCP affect the mucosal membrane on the ocular surface, including mucin expression and the morphology of the ocular surface epithelia, we reasoned that the mucin-related effects on tear stability by both medicines, the increased water production by diquafosol, and the anti-inflammatory effect of rebamipide might be synergic. Our findings indicated that these two medicines may be effective for treatment of certain subclasses of dry-eye disease in which the dry eye is assessed to be mild to moderate.[@R1]

CASE REPORTS
============

Case 1
------

A 61-year-old woman was diagnosed as having cGVHD at another hospital. She underwent bone marrow transplantation and chemotherapy for malignant lymphoma in August 1997. She had also received an allogeneic peripheral blood stem cell transplant and radiotherapy in November 1998. Afterward, she was treated systemically with corticosteroid and immunosuppressant medications.

In October 2011, she developed asthenopia, severe dry-eye sensation, ocular pain, and dull sensation, with a visual analog scale (VAS) score of 33 points. The VAS is used to assess patients' subjective complaints.[@R20] It has 12 components: asthenopia, pain, discharge, foreign body sensation, epiphoria, burning, ocular itching, dull sensation, conjunctival injection, dullness, dryness, and photophobia, each of which the patient assigns a value from 0 to 10 points. The most severe symptoms for all 12 subjects would yield a total score of 120 points. The VAS is presented as a set of 10-cm lines, and the patient checks a point on each line corresponding to his or her degree of sensation.

Slit-lamp examination showed diffuse punctate corneal epitheliopathy with a fluorescein score of 4 points, a rose bengal score of 4 points, and abnormality of tear dynamics with a Schirmer value of 3 mm and a TBUT score of 2.3 seconds (Fig. [1](#F1){ref-type="fig"}A, B; Table [1](#T1){ref-type="table"}).[@R20] For these analyses, the ocular surface is stained with 2 μl of either 1% fluorescein or 1% rose bengal solution, instilled into the conjunctival sac. After the patient blinks a few times, the patient is asked to blink before assessing the staining. The staining is scored as follows. The cornea is divided into three zones (upper, middle, and lower) that are assessed for fluorescein staining, and the ocular surface is divided into three areas (nasal, temporal conjunctival, and cornea) that are assessed for rose bengal staining. Each zone has a staining score from 0 (no damage) to 3 (damage in the entire area) points with minimum and maximum total scores ranging from 0 to 9 points. Therefore, there are 0 to 9 possible points for fluorescein staining and 0 to 9 points for rose bengal staining.[@R21],[@R22] Based on these analyses, cGVHD-related dry-eye disease was diagnosed in both of the patient's eyes. She also manifested cGVHD of the mouth and skin. The patient was treated with tear substitutes, including eye drops containing 0.1% topical sodium hyaluronate (Santen Pharmaceutical Co Ltd), diquafosol (Santen Pharmaceutical Co Ltd), and ofloxacin (Santen Pharmaceutical Co Ltd), after which the symptoms and objective findings improved slightly. In February 2012, punctal plugs were inserted into the patient's left and right lower puncta to improve symptoms and objective findings, especially eye pain and aqueous tear deficiency. Punctal plugs are used to retain the aqueous tear fluid when there is an aqueous deficiency among the loss of tear film components. In addition, treatment using fluorometholone eye drops (Santen Pharmaceutical Co Ltd) commenced. In an effort to further improve the patient's condition, a combination therapy of diquafosol eye drops six times per day and rebamipide eye drops four times per day was started in March 2012. Ofloxacin and fluorometholone were stopped before the commencement of rebamipide, whereas the diquafosol was continued. Soon after starting the dual treatment, the sum of the patient's subject scores in the VAS dropped from 33 to 8.5 points, indicating that her subjective symptoms had improved considerably. Improvements were also seen in the fluorescein score (1.5 points), rose bengal score (1 point), and TBUT score (10 seconds). However, the Schirmer test value did not improve after the dual treatment (Fig. [1](#F1){ref-type="fig"}C, D; Table [1](#T1){ref-type="table"}). Limbal redness and bulbar redness were reduced after the dual treatment. No serious adverse events were observed. After 9 months of this treatment, the clinical findings of dry eye improved and remained stable (Table [1](#T1){ref-type="table"}). The patient tolerated these eye drops well.

###### 

Improvement of clinical findings after topical diquafosol and rebamipide (case 1)

![](opx-92-s25-g001)

![Slit-lamp photographs before and after dual treatment (case 1). (A, B) Slit-lamp photographs showing rose bengal (A) and fluorescein (B) staining of a cGVHD patient with moderate dry eye in the left eye before combined treatment with topical rebamipide and diquafosol. (C, D) Slit-lamp photographs of the ocular surface condition in the same cGVHD patient after long-term topical rebamipide combined with diquafosol treatment. Note the remarkable improvement in the rose bengal (C) and fluorescein (D) staining, including the tear meniscus height (D) in the left eye.](opx-92-s25-g002){#F1}

Case 2
------

A 77-year-old woman underwent cataract surgery in 2001 and 2002. She exhibited keratoconjunctival epithelial damage due to dry-eye disease and began treatment with 0.1% topical sodium hyaluronate (Santen Pharmaceutical Co Ltd) in May 2003. In addition, vitamin A eye drops were applied and punctal plugs were inserted in both eyes. The patient was also treated with autologous serum, artificial tears, and therapeutic contact lenses in December 2007. However, these therapies did not improve the signs and symptoms of dry eye (Fig. [2](#F2){ref-type="fig"}A, B; Table [2](#T2){ref-type="table"}). Therapeutic contact lenses were off after 1 month to avoid ocular surface infection. The patient exhibited OCP-like dry eye, with mild fornix shortening, conjunctival fibrosis, and mild keratoconjunctival epithelial damage due to dry-eye disease. She was negative for anti-SSA, anti-SSB, antinuclear antibodies, and rheumatoid factor. They are often found in the sera of SS and a hallmark of SS. Therefore, she did not likely have SS. Tranilast eye drops (Kissei Pharmaceutical Co Ltd) and fluorometholone eye drops (Santen Pharmaceutical Co Ltd) were added to her treatment regimen. Application of the tranilast eye drops (four times per day) was started in February 2010 to suppress the progression of conjunctival fibrosis,[@R23] a characteristic feature of OCP, until 9 months before the commencement of rebamipide. Tranilast inhibits transforming growth factor-beta signaling, and topical tranilast is reported to be partly effective to suppress ocular GVHD.[@R24] In this patient, tranilast and fluorometholone were discontinued because the conjunctival fibrosis was stabilized. Vitamin A was also discontinued because the patient was concerned about its long-term use. The patient began treatment with rebamipide eye drops in May 2012 because of worsening of several symptoms including severe pain, dry-eye sensation, asthenopia, dull sensation, sign of redness of conjunctiva, and tear film instability. Application of artificial tears five times per day, methylcellulose five times per day, and ofloxacin eye ointment once per day was continued in conjunction with rebamipide.

###### 

Improvement of clinical findings after topical rebamipide with diquafosol (case 2)

![](opx-92-s25-g003)

![Slit-lamp photographs before and after dual treatment (case 2). (A, B) Slit-lamp photographs showing the rose bengal (A) and fluorescein (B) staining of an OCP-like disease patient with moderate dry eye in the left eye before treatment with topical rebamipide. (C, D) Slit-lamp photographs of the ocular surface condition in the same OCP-like disease patient after long-term topical rebamipide treatment. Note the remarkable improvement especially in rose bengal (C) and fluorescein (D) staining including the tear meniscus height (D) in the left eye.](opx-92-s25-g004){#F2}

Two weeks later, her symptoms began to improve gradually. After using rebamipide eye drops in addition to her other treatments for 9 months, the clinical findings and symptoms of dry eye improved and remained stable (Fig. [2](#F2){ref-type="fig"}C, D; Table [2](#T2){ref-type="table"}). In particular, functional visual acuity (FVA) was dramatically improved after rebamipide treatment. Functional visual acuity is a useful measure for patients with dry-eye disease, because it reflects tear film stability. In this test, the patient does not blink for 60 seconds, and a continuous assessment of visual acuity is obtained. Topical anesthesia is applied before measuring the FVA, to reduce reflex tearing and blinking. The patient is shown images of a Landolt ring, the size of which increases and decreases automatically when the patient is incorrect and correct, respectively.[@R25] Functional visual acuity scores are presented as decimals; thus, a score of 0.1 (20/200) is the same as logMAR (logarithm of the minimum angle of resolution) 1.0 in Snellen acuity, and 1.0 (20/20) is the same as logMAR 0.0. In this case, the FVA score was 0.15 before treatment and improved to 0.43 after treatment (Fig. [3](#F3){ref-type="fig"}A, B).[@R25],[@R26] The decimal visual acuity also changed, that is, from 0.3 to 1.2. The rebamipide eye drops worked well for the patient, and she did not experience any side effects.

![Functional visual acuity. Remarkable improvement in FVA after long-term topical rebamipide treatment. Functional visual acuity before (A) and after (B) the single therapy using topical rebamipide is shown.](opx-92-s25-g005){#F3}

Although rebamipide was partly effective for this patient for 9 months, we decided to add diquafosol to see if there would be further improvement. We envisaged (1) that diquafosol had synergic effects with rebamipide on mucin production and (2) that diquafosol could improve the aqueous tear fluid layer. After the treatment, the sum of the patient's subject scores in the VAS gradually dropped from 66 to 49 points with rebamipide and from 49 to 26 with the dual treatment, indicating that her subjective symptoms had improved considerably. The scores for TBUT (from 3 to 8 seconds) and corneal epithelium (from 3 to 2 points) indicated improvement using the dual treatment (Table [2](#T2){ref-type="table"}), and limbal redness and bulbar redness were reduced after the dual treatment. No serious adverse events were observed. The combined treatment using diquafosol and rebamipide was considered successful.

DISCUSSION
==========

This study focused on treatment of particular types of immune-mediated dry eye such as dry-eye disease caused by cGVHD and OCP-like dry-eye disease. We demonstrated that long-term dual treatment with diquafosol and rebamipide was effective for specific kinds of immune-mediated dry-eye patients who do not respond to other conventional eye drops.

Because of the chronic nature of these particular types of immune mediated dry-eye diseases, long-term safety is clearly needed.[@R6] In our cases, long-term efficacy in addition to other currently available therapy was observed at least for 10 months during single or dual treatment using these medications, although future work with a larger sample size is necessary to confirm this.

There are no particular side effects in the two patients. Although we have been treating cGVHD- or OCP-related dry-eye patients using currently available treatments,[@R27],[@R28] specific therapies have yet to be developed for these diseases. Therapeutic interventions for these specific types of dry-eye diseases are limited at present because adding several treatments to basic therapies depends on the signs and symptoms in each case and the severity of the disease.

The dry-eye cases in this study may be considered mild to moderate according to the 2007 Report of the International Dry Eye WorkShop[@R1]; that is, the goblet cells of the conjunctiva might not be severely damaged as we have previously reported.[@R18],[@R29] In both cases, the mucin-related drugs may contribute to the improvement by increasing the mucin from goblet cells or secretory vesicles of the cornea and conjunctival epithelia.[@R2],[@R3],[@R30] In addition, the diquafosol eye drops probably increased water secretion,[@R8] whereas rebamipide eye drops had anti-inflammatory effects[@R11],[@R12] on these types of immune-mediated dry eye.[@R31]

In the two specific types of dry-eye disease in this case report, the long-term use of a combination of diquafosol and rebamipide eye drops improved the signs and symptoms of the two dry-eye patients. The conditions of their eyes were stabilized by the treatment, and they did not experience any disabling side effects.

Topical 3% diquafosol tetrasodium (Santen Pharmaceutical Company, Osaka, Japan) was approved in 2010 in Japan and in 2013 in South Korea for treatment of dry-eye disease including Sjogren syndrome, tear film instability, and the short TBUT type of dry eye.[@R4],[@R5],[@R8],[@R13],[@R32] Diquafosol has been reported to be effective in restoring damaged ocular surface epithelia for the retention of the tear film and the mucin coating, because diquafosol eye drops promote the secretion of mucin and water.[@R8]

Because the P2Y2 receptor has also been shown to exist in the meibomian gland,[@R33] we envisage that diquafosol eye drops could improve the meibomian gland function in these patients.

Rebamipide (Otsuka Pharmaceutical Co Ltd) is a mucosal protective agent for producing ocular surface mucins and repairing the ocular surface barrier.[@R34] Rebamipide has been in clinical use in Japan and other Asian countries since 1990 as an oral drug for the treatment of gastritis and gastritic ulcer.[@R6] Rebamipide has been shown to increase the amount of mucin-like substances in the ocular surface in an *N*-acetylcysteine-treated animal model.[@R35] In addition to increasing the proliferation of cultured rat conjunctival goblet cells,[@R36] suppression of inflammation such as T cell activation and Th1 cytokine production has been reported.[@R34]

In case 1, symptoms and clinical findings of cGVHD-related dry eye improved, whereas the value of the Schirmer test did not. Previous reports suggested that early fibrosis and inflammation have been reported in the lacrimal glands affected by cGVHD and that they cause aqueous tear deficiency as well as ocular surface epithelial damage and meibomian gland dysfunction.[@R37],[@R38] In addition, because of its mechanism of action, diquafosol has been reported to have the ability to secrete water from the conjunctiva but not from the lacrimal glands. Therefore, TBUT and ocular surface findings improved because of water secretion from the conjunctiva and mucin production. In case 2, FVA improved after the start of rebamipide administration. Conjunctival fibrosis in case 2, a characteristic feature of OCP, causes friction between palpebral conjunctiva and ocular surface epithelia and thereby damages ocular surface epithelia. Treatment with rebamipide increases tear volume, which contributes to reduction of friction, lubrication of ocular surface, and tear film stability. Therefore, it is likely that FVA can improve.

Because rebamipide was partly effective for this patient for 9 months in case 2, we decided to add diquafosol to see if there would be further improvement. We envisaged (1) that diquafosol had synergic effects with rebamipide on mucin production and (2) that diquafosol could improve the aqueous tear fluid layer. In addition, no topical treatment other than diquafosol was available. In these cases, it is conceivable that the mucin-related eye drops improved keratoconjunctival epithelial damage and extended the TBUT. These findings suggest that the long-term use of a combination of diquafosol and rebamipide can be effective in treating dry eye caused by specific diseases such as cGVHD and OCP-like disease, if the severity of dry eye is assessed carefully. Future work is needed with a larger sample size to confirm these reports.

Based on these findings and previous reports, we hypothesized the following mechanism of improvement of dry-eye disease in two cases. Regeneration of barrier function in ocular surface epithelium, increased mucin production, and increased lubrication for palpebral friction in conjunctival fibrosis by rebamipide and diquafosol are among the underlying mechanisms of ocular surface improvement caused by the synergic effect of both eye drops. Washing out inflammatory cytokines in tear fluid by both medications might be one of the mechanisms for the improvement of signs and symptoms of the specific type of dry-eye disease. Increased tear volume by diquafosol and anti-inflammatory effects such as inhibition of cytokine production and infiltration of inflammatory cells by rebamipide can result in an improvement of this type of dry-eye condition. Taking these mechanisms of action together, the dual treatment can be useful in treating these types of immune-mediated dry-eye disease.

A combination of rebamipide and diquafosol can be one of the novel therapeutic interventions for topically treating mild to moderate immune-mediated dry-eye diseases.

Our data suggest that dual treatment with diquafosol and rebamipide can be one option to topically treat dry-eye disease associated with other specific diseases. It has been reported that these treatments are most likely effective for mild to moderate cases of common dry eye.[@R13],[@R26] In such cases, long-term treatment with mucin-related eye drops, along with conventional treatments, is recommended. The present cases further indicate that dry-eye patients with cGVHD and OCP-like disease can be treated long-term with rebamipide and diquafosol eye drops, either singly or together.

In summary, both diquafosol and rebamipide increase mucin secretion. In addition, diquafosol has aqueous secretion effects, and rebamipide has various anti-inflammatory effects. Both cGVHD and OCP-like dry eye involve chronic inflammation of the ocular surface and a three-component deficiency including lipid, aqueous tear fluid, and mucins, whereas other types of dry-eye disease can be caused by loss of one of the tear components. Therefore, both of these medications are effective for immune-mediated dry-eye diseases, probably in part by acting synergistically. At present, this dual treatment may be a better option available for certain patients. Further studies involving a large number of randomized clinical trials will be required to analyze the effectiveness of these two drugs and to gain insight into the correct regimen and timing of the commencement of the dual treatment for various types of immune-mediated dry-eye disease.
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